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This  report  was  prepared  under  the  National  Program  of  Inspection  of 
Non-Federal  Dams.  This  report  assesses  the  general  condition  of  the  dam  with 
respect  to  safety,  based  on  available  data  and  on  visual  inspection,  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property.  ^ 
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SUBJECT:  Cole  Lake  Dam  I’liase  1  Inspection  Itepiirt 


This  report  presents  the  results  of  field  inspection  and  evaluation 
of  the  Cole  Lake  Dam: 

It  was  prepared  under  Che  National  Program  of  inspection  of  Non- 
Federal  Dams. 


This  dam  has  been  classified  as  unsafe,  non-emergency  by  the 

St.  Louis  District  as  a  result  of  the  application  of  the  following 

criteria: 


1.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood . 

2.  Overtopping  of  the  dam  and/or  erosion  of  the  spillway  could 
result  In  failure  of  the  dam. 


3.  Dam  failure  significantly  increases  tlie  ha7,ard  to  loss  of 
life  downstream. 
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Name  of  Dam: 

State  Locate(i: 
County  [iocated  : 

S  t  reiim : 

Date  of  Ini'.pect  ion: 


CoJe  Lake  Dam 


Mi  nsoii  r ; 


Je  f  for  non 


Tiif  Crcfk 
19  .July  1979 


'I'l'.e  Colo  I. 'ike  o.'im,  K,ir>  vinn.illy  in'..'  ti  d  Ijv  .  p. ’O  r  i  n  j 
per.S'annel  of  Horiior  U  Shifrin,  Inc.,  0<  ri.-u  i  i  p.i  Dnq  ino.-'r.n,  St. 

I.oui'3,  Missouri.  "'hi''  pu 'p.-ip.'  of  •■hi  ,  j  ri.;pi».~‘ ion  wan  lo  a.sno',--  'no 
general  coriditi'in  ot  ‘■he  dam  wi'.  n  ror,p<..|  •■•,  r  ifot.y  .md,  bau-.d  upon 

thi.s  i  nspect  1  .an  an'l  availablo  data,  dctorT.ine  if  '..ho  dam  pores  a 
hazard  to  human  life  or  iDropetty. 

The  for.'owing  summarizor,  tho  findim,:'.  of  tlio  vi.sual  inspection 
and  the  results  of  .tertain  hydrologic/hy.itau]  ic  investigation." 
perfotmed  under  the  d:re<,.'tion  of  the  inspection  team.  Based  on  tho 
visual  inspection,  the  pres>‘rt  qener-a!  physic.al  condition  of  the  dam 
i'.s  considered  to  bo  unsatisfactory.  The  following  deficiencies  were 
noticed  during  the  in.spection  and  are  consuieroi]  to  have  an  a'iverse 
effect  on  the  ovor.'iil  safety  and  future  ••poration  of  the  dam: 

1.  deepaqo,  as  evidenced  uy  r.oft  ground  an-l  running  water,  was 
observed  in  the  vicinity  of  tile  downstream  toe  of  slope  at 
thr-  right  c.id.i  of  the  dam.  So, gi  rn.  w.is  also  noticed 
emerging  ft.'iti  the  dowr.r.lopo  .it  i  point  ab'H/,.  the  tot'  of 
slope  near  the  cent'ir  of  the  d.un.  llnoont  roi  1  ed  sei'p.ige 
coul'l  rlevelop  into  .i  piping  •ou.U',  lon  th.at  can  lead  ‘.o 
failur*'  of  ttic  .lam. 


I 


2.  The  down;',  t.ream  face  of  the-  liain  aiid  p  .■  r  t  icu  I  .ir  I  y  the  upper 
areas  of  the  dam,  have  only  .a  sparse  'sover  of  weeds  to 
prevent  erosion  of  the  sl<ipe  iiy  storni  water  runoff.  The 
emergency  spillway,  an  earthen  section,  is  in  a  similar 
state.  All  slr)[)es  and  areas  subiect  tc,  eros.ion  by  drainage 
or  lake  outflow  should  be  ihorouihly  c^ivered  by  a  durable 
form  of  protection. 

3.  Portions,  of  rhe  downstrcani  .side  ■<;'  tiv'  concrete  sill  at  the 
princip.al  spillway  are  severr-ly  undercut  .ii).,-  to  erosic-n. 

The  downs treiim  end  of  the  paved  ciuite  'hat  lies  jus*"  below 
the  concrete  sill  is  similarly  unde-cut  by  erosion.  It  is 
liKely  that  coatinu.'d  erosion  o!  tr.e  ua'rgrade  for  t'.i* 
spillway  sill  .;ouid  result  in  <' ■  :,p  '  j.  ■.  n>.  ■  c  t  o'  tlie  si  'I 
and/or  failure-  of  the  embanKiii', nt  ■lupporting  Lee-  c''.i:t‘-. 

4.  A  oaro'oel  wire  type  fence  i -s  locat-'  i  do-.'nst  r,- an-,  the 

concrr't"  'i’l  for  the  pr  i  nc  i  f,'. ;  o  1  v.'.-iv  .  'bn.-  fencr  co.il.l 
act  as  a  barrier  upon  which  Vik'?  -'arried  det.r  i  e;-,n  '.odije 
re-atricting  lake  outflow  and  resulting  in  f'^ooding  'i.''  t;ie 
lake  and  [lossible  overtopping  of  the  dam. 

5.  A  densie  growth  of  small  trec.s  .ind  brush  ribstructs  the 
spillway  outlet  beginning  at  a  p-iint  .ipprox  imately  100  feet 
bi,' low  the  spillway  crest.  This  growth  will  re.strict  flow 
in  tile  ch.jnne|  that  may  resu.lt  in  floiding  of  the  area 
adjacent  to  the  downstream  channel  that  includes  the  t'>;  of 
the  dam.  Flooding  of  the  area  adiacent  to  the  down.utream 
side  of  the  d.im  could  be  detrimcnt.al  to  tli"  stability  of 
the  embanr.ment  . 

Ac-cording  t-i  tiie  criteria  set  forth  in  thi'  recommended 
giii'le  i  i  nes,  th--  maqni'ude  of  th'j  spLll'viay  -’esign  f  lo'id  for  the  Col.a 
i-.itu  Djin,  which  is  '.'1  asr.  i  t  ied  as  small  in  si;"-  and  of  high  haxar-i 
potenrial,  is  specified  to  be  a  minimum  of  one-ualf  the  Probable 
Maximum  flood  ( PMF .  .  Considering  the  fad  th:-i.  a  large  volume  of 
wafer  o;  iin-iounderl ;  th-.''  downstream  1  livxliiiain  i  .  relatively  n.iiiijw 
and  flow  in  tie  si  rean  vai  1  1  be  deep  and  w’ t'l  high  velocities;  and 
since  a  county  h.r)  iwa’.'  1  ies.  immediately  belo\i  the  d,irr,  and  several 
dwelling.'-  lie  witliin  the  po.;.s.ihle  flood  d.imige  zone,  it  is 
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recominf'n  lod  chat  th<?  'jpillway  for  this  flam  lif-aiipK-il  for  tho  PMF . 
The  Proiiablo  Maximum  F]oi  <1  (rMK)  i  .s  the  flfx).:  fiMt.  may  t'O  exp'^ot*--! 
from  tile  most  Sf'VfM  i'  roin'ji  nat  ion  tif  ciitical  n.'t>  fii'oU'fj  io  anil 
hytlrolofjic  coml  it  ionn  tiiat  are  r<?ar,<)nabl  y  iio.-'ifili'  in  the  ri’iion. 
Ilosults  of  a  tyd roli.iq  ic/hydr au  1  io  anal  ysis  indii'at'.'d  that  the 
e'xistlivi  spillways  a':-  i  ead'-nuate  to  p'n.s  I.,:..-  o'll.'lfiw  re.-si  1  t  i  n'l 
from  a  storm  of  PMF  maqnitude.  The  or  i  no  i 1 1  sjji’iwa'/  is  adeifaj  L  i  ■ 
to  pass  th','  lai;e  outf'ow  resul  l.i  nq  from  th"  1  p'o  'ent  ohanof*  (100 
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o^'  the  a  ?.’n  extf-nds  aeoroximatel  y  three  ini  o'’,"-h.;l.  r.ules  .iijvqis  t ;  i  . : 
from  the  dam.  VJithin  the  damaar;-  -.'one  are  .'oafoy  iiui'iw'iy  F,  itiisf 
dwell  inns,  and  several,  other  bual'linqs. 

A  revifiw  af  available  data  did  not  di  •loV'  thit  -fopaqi*  'M- 
stability  analyses  of  tii.'s  lam  were  perfoimel.  Tliis  i oonside'ed  a 
deficiency  and  should  be  rectified.  Reci'nt  a  !ild  i  t  ions  to  tlie  diiri 
(it  wa.':  rep-orted  that  in  l'57fl,  the  dam  was  t  .ai  v'd  approx  i  mate  1  y  4 
feet)  have  affected  the  structural  stability  of  the  erabankm'int. 
Reportedly,  the  miterials.  ust'd  to  raise  tho  dam  consisted  of  earth 
(clay)  and  tiff  gravel.  Tt  was  not  feasiblf?  at:  the  time  of  t!ii.‘ 
inspection  to  determine  the  extent  to  whicti  i-ach  of  the  material", 
was  used;  however,  ju.dgin<)  by  the  appearance  of  the  expo.sed 
materials  at  the  top  of  the  dam,  it  is  bf'lieved  tiiat  there  is  .a 
predominance  of  the  tiff  gravel,  ft  w.^s  a  1  sr..  stateii  that  t'ne 
matf.'rialr,  wen  hauled  liy  VrucK  and  riumfied  in  place  and  there  wa:-  no 
effort  made  to  regulate  compaction.  Purth>'r,  it  waii  observed  durinn 
the  visual  inspection,  that  the  downstream  si.ipe  of  the  upper  part 
of  the  dam  is  except  i  ona 1  v  ;-tei-p  (Iv  on  1.11:1  whi-h  in  all 
likelihofid  is  a  n- s.u  1  t  of  matcri.als  l>ei  nq  dmip.-.’  .-p  the  top  o!  the 
dam  and  allowed  to  spill  o\’or  the  side.  'I’ha  r-  f  are ,  Ikt' mse  ;,f  those 
f.ictors,  there  i.s  concern  tor  the  .structural  it  ildlity  of  the  uiipiir 
part  of  the  dam,  and  also  for  the  capaliility  if  Mv  stru'ture,  in 
the  areas  where  the  section  cons.i.sts  primarily  of  tiff  ni.-ivel,  t^i 
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prevent  excessive  leakage  during  periods  of  nigher  than  normal  lake 
levels,  which  could  result  in  erosion  of  the  downstream  face  of  the 
dam. 

It  is  recommended  that  the  Owner  take  the  necessary  action  in 
the  near  future  to  correct  or  control  the  deficiencies  and  safety 
defects  reported  herein.  It  is  advised  that  priority  be  given  to 
performing  the  investigations  necessary  to  determine  the  extent  of 
all  embankment  materials  and,  utilizing  this  data,  perform  seepage 
and  stability  analyses  for  appropriate  loading  conditions,  ityl  iding 
earthquake  loads. 


’I  //.  -■ 

Albert  B.  Becker,  Jr. 
P.E.  Missouri  K-‘>lf>8 


:: _ _ ^ - 

Karl  L.  Freese 

P.E.  Missouri  E-16182 
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1  .  1  v,ir.NEi\  Al-i 

a.  Authoi^t^.  N.ition  il  DaiH  Tnsp<- •  I' i •  Jti  A -t ,  I'uMji;  r,aw  92-^67, 

H  August  19  7'.:'. 

P'li'poAo  K’f  this  VI 'rial 

i  n.sp*'ct  ion  wa-"  to  maki'  an  ar'.r.ensmnnt  iif  tlv'  I'n^'inl  condition  of  the 
'.lain  with  ie'c.p('0U  to  .tafoi.y  .iii.l,  bar.'-d  upon  av.iilabl'-  data  and  ttiis 
inspection,  dr  te  raiin*.'  it  ttie  da-n  ponen  a  ha/.ird  to  Iniiiian  life  of 
pi  ope  ft  y  . 

c,  Eval  ii<'i  t  ion  diitefia.  Thin  evaleat  ivan  wan  oorformed  in 
accofiianco  with  the  "Phase  I"  investigation  procedure!'  an  preacribed 
in  "  Per;  omm  ended  Cuidelinen  for  Safety  InniH'ct  ion  of  Damn,"  Appendix 
n  to  "Report  of  the  Chief  ;if  Itngineern  on  thr*  National  Proqram  of 
Damn,"  dated  May  1 97"). 


I.  2  DPSCKIPTrL'N  OF  PKOdFCT 

a.  penor  'ption  ot  Darn  .ui.l  Apjaij  ptena  nr  ■  r .  '!')e’  o'le  l.ake  Dam  i 

an  eartlifill  type  em!  .int.’K  nt  risina  >(>  f<ve  .ii«)V''  the  ■'fiainal 
n  f  t  f'am: -<;i .  The  e^l^^ank  ment  ha;,  an  upstream  slope  (al'xive  the 
waterline)  of  Iv  on  1.7h,  ;i  crest  width  it  about  12  feet,  and  an 
irreqular  dowrntreani  slope  that  vanes  from  !v  on  1  .  3h  at  Mie  top  to 
Iv  on  '1.  7t)  at  the  bo i  com.  The  lenqt.h  of  t  he  liain,  including  the 
spillway  sections,  is  ap'prox imatel y  1,69S  feet.  A  plan  and  ptiifilc 
of  the  dam  are  shown  on  Plat"  4  and  a  I'rons  erection  of  the  dam  is 
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shown  on  Plato  5.  At  noL'mal  pool  elovation  tho  tcsorvior  irap^junied 
by  the  dam  occupier;  approximately  49  acror;. 

The  [Principal  spillway,  a  broad-c  rent  <-:l  t  r  a['o-,:(  li  d  a  1  nocLion  i -- 
located  at  the  south  or  left  abutment.  A  v-oru-iot'  sill  section, 
api-Toximcitely  94  I'oet  l<.ti-j,  serves  to  ma’atiin  ih.  oveiflow  c;''  ,'. 

A  paved  concrete  clrjte,  approximately  14  l',n--  and  47  fe'  t  wid--, 

lies  immediately  downstream  ot  tho  low  r-x.ir.t  of  '  .to  siil.  The 
spillway  outlet  channel,  an  unimproved  i  r.  ix- no i<i n  1  io".,  aha;  ■. 

the  chute  and  proce<;ds  downs  tream  for  alxjii!:  I ''lO  O  cl  lx  I'oto'  fhc 
banks  become  non-'axi stenl;  an<l  the  channe'  i  ;•  ixn  lonier  lefined.  Tn--- 
outlet  channel  appears  to  Join  tho  downnt’eam  channel.  Tiff  Cree.;, 
about  uOU  feet  below  the  spillway  crest.  A  profil'*  of  the  upper 
section  of  tho  Sf^illway  outlet  channel  is  sliiwn  on  PI  ate  9. 

An  emerqer\cy  spillway,  a  broad-crested  appi  oxinately  V-shaped 
Section,  is  located  at  the  north  or  right  abutment.  The  outlet 
chann<'l  for  this  spillway  is  also  unimprc;v<Ml  aivl  I'lpears  to  follriw  a 
course  that  is  parallel  to  the  toe  of  the  dam  until  it  Joins  the 
downstream  channel,  at  a  location  about  200  ^oet  br*low  the  dam. 

b.  loo  at  i'On .  I'he  dem  is  located  on  Tiff  Cre‘>k,  a  tributary  of 
bi«  River,  about  30n  fe.,d'  east  of  County  Roa<i  K  and  approximately  B 
miles  north  of  Bonne  Terie,  Missouri,  as  sliown  on  rho  Reqional 
Vicinity  Map,  Plate  1.  The  dam  is  located  in  Section  10,  T.ownchip 
3B  North,  Range  4  Hast,  Jefferson  County. 

c.  S  1  ce  yf  La  rsj.  f  !  -a  I  .  im .  The  sic.-?  c  1  a '-.s  i  *  i  ea  f  i  on  hase.l  on  fh-; 
height  of  ttie  dam  an-'!  .stoi  .age  caiaacity,  is  <'a‘..goi  i  .e-d  as,  am,:!  1  1  . 

(Per  Tabb.'  1,  Rt:coTiire,ade.'‘  Guideline!',  f^>r  Silet,'  t  a 'pi'ct '  on  of  Dams.) 

d.  '*‘0^7  ll!.  ^  i'lt:  L  ^*2  •  The  Coli-  i,.if,i'  Pa'it,  according  to  the 

St.  Louis  District,  Corps  -of  i'-ng  i  nee  r  s ,  has  a  l.iuli  ha^.ird  potenti.al, 
meaning  that  if  the  d.am  iliould  fail,  there  may  ha  ioss  of  life, 
.serious  damage  to  homes,  extensive  agricul  tur-il  ,  industrial  and 
commercial  facilities,  import, int  public  utilitiea,  main  highways,  or 
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i  ai  1  ro.ui:; .  AcijDi'litiM  t:.i  t  !i<‘  Sr.  r.oui.5  1)  i  st.  r  i  1  ,  I'oi  pr,  uf  Knp  i  r , 
(hi'  o;it  iniat»»<1  dainapo  zon^?  from  faiUin*  tho  <iain  (?y.ti>ndf,  approx  ima  ti’ 1  y 
three  and  one-half  miles  downstream  from  the  dam.  Within  the  damage 
zone  are  County  Road  E,  three  dwellings,  and  several  other  buildings 

e.  Ownership.  The  lake  and  dam  artj  own»il  by  the  Cole  bake 
Property  Owner.s  Association,  Incorporated.  Mr.  Ilurfotd  .Shy  is 
currently  the  Chairm;.n  o^  the  Board  of  the  Association.  The 
Association's  address  is:  Route  2,  Box  212,  DeSnto,  Mis.souri  - 
61020. 

Purpose  of  Pain.  The  dam  impounds  water  for  recreational  use 
by  property  owners  who  are  member.s  of  th(>  asr.ociat  mn. 

g.  DrT.ign  anl  Const  ruct  ion  History.  Acvordin.;  to  Mr.  iJurfoi  I 
.Shy,  the  dam  was  constructed  in  l'M7  by  hi';  brother,  Paul  1.  Shy,  a 
contractor  exper  i^nci-rd  in  the  con.struct  ion  of  .'ar  t  ;)■>,■•)  dams. 

According  to  information  shown  on  the  Col(;s  bake  Sub'li vision  Pl.'i, 
dated  December  9,  19‘lti,  see  Plate  2,  the  original  owners  of  the 

property  upon  which  the  dam  and  lake  are  founded,  were  John  Colt'  and 

his  wife,  Bernice  Cole,  and  Paul  N.  .Shy,  the  builder  of  the  dam. 

The  present  Owners,  the  Cole  biike  Property  Owners  Association,  Inc., 

acquired  control  of  the  dam,  lake,  and  other  common  ground  within 
the  subdivision  in  1974.  According  to  Mr.  Shy,  the  dam  was 
constructed  without  the  benefit  of  formal  engineering  design  data  or 
plans . 

Mr.  Shy  also  reported  that  in  1976,  several  improvements  were 
made  to  the  dam  by  the  property  owner's  association.  These 
improvements  consisted  of  raising  the  dam  approximately  4  feet, 
widening  thfi  principal  spillway,  raising  th<'  crest  of  the  emergency 
spillway,  removing  trees  from  the  upstream  and  downstream  faces  if 
the  dam,  and  installing  '•iprap  across  a  p>ortion  of  the  upstream  face 
of  the  dam. 


h.  Normal  JJj'e^at  ional  Ptoc^f^ur^e.  The  bike  leyr-i  i  s  unrecjulated . 


^,4« 
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l.T  I'ERTTNl-'NT  IjATA 


a.  ninina>ji  Aioa.  Tho  Lr  i!  (.l  i;  v  >0  t  'M-  lake  1 

oKsent  i  ,a  1  1  y  unJ(  v->  ,  pa  1  *■  1  a  I  ly  in  pa-.t  1  r  wi  1  li  khe  reiiiainler  in 

a  native  ntate  cnvHTel  witli  timber.  'r'l-  ai'ea  .•liancnt  tri  t'ne  lake' 
na,'  lu't-n  raaviivule  i  ana  tln'i*’  ir'/  1.  h'lii",,  ,'inil  othi'i  bn  l  iinp  i 

about  t  h*-  lake.  The  water. nhe'i  aio'V  '  tlii-  •lap  iiivuintn  t.o 
approximately  '.’R-i  icics.  Tic  w.jterihe.l  'ir--‘i  1  .  r)utl:ne'l  on  Plate  1. 

b.  *li  ■  ' 1*‘ a  I  3'  a(_!'an  i  t  e  . 

(1)  tl:  tiiuare-i  known  inaximirn  f'loo.i  at  iriUi.n  i  t<-  ...  170  cl;;* 

( W  .  h  .  K 1 1  V .  h  ?  1 . 0 ) 

{  ^)  Spillway  .7  1  tv  (pr  i  no  ipa '  }  ...  600  rfu  (W.S.  •  Kiev. 

!i .’  6  .  1 

(3)  Spillv,ay  ■.•apaoity  (pr  i  no  i  Or- 1  *  erner  lency )  ...  1  , 10  cf 

(w.:;.  Kiev.  n;:6.4' 


0.  K  leva ‘■ion 

'  ‘  .  a: 

I'-,,. 

'I'h--  !■ 

•>.  p  0  F,l  0!  tile 

ill  at  the  pr 1  no  1 

;)ii 

:  1  '  way  -re  ■ 

1  ’Vi.' 

■  •  V :j  on 

y2  3.0;  the'  ba'ri.',  T-.r  t  h  i l.■..n)'m>t  i  .m;  *■'!•■  •  b'V.jti.iii  of  1  i.i  l.^ka 

nurfaei'  nhown  an  ite  ,  p.O  Vineiina,  Mi-i'  iiii  p  1 1  a  r-.'i  1  e  Mao,  7.0 
minute  .uerieT. . 


(1) 

T  It)  r.O 

dr.^n  .  ,  , 

.  6  26.4  to  in.'! 

'  2) 

Non.:  1  ' 

p<.  { 

pill'way  'rr'-ft'  ... 

1 1 . 0 

(  51 

.If  I  ••am! 

a  n tr^'  r  1  i  rt':  of  Pa  n  .  . 

.  79  2  + 

(t)  Mixi.iU'm  t  lilwateT  ...  Unknown 

1.  f 'f  “  P  • 

i'll  benni',  at  n-omal  p>e  ^l•l"val■|on  623.0)  ...  2,500  ft. 

(2)  I.enplh  at  m.i.ximiim  po<'>l  {"  b -v.i  t  i  on  1326.4)  ...  2,  700  ft. 

Stf.ij'je. 

i  )  \..'m  i'  P'xil  .  .  .  476  ae,  ft., 

i  )  lill'  '1  •1,1'".  '  1  I.Cr  eriHTlI  al )  ...  '  ae.  ft. 

*0. 1  ■'  1  on  ■!  fi  1  1  I  w  1 1  '  1  Hark  ,i.'  u  ■'  e  i  vr-  I  by  .1  t  ■  'p  -  t'  neiit  at  1  v  ol  I  h.  ■ 
'’wn'  •  ’  . 
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f.  Reset voi r . 

(1)  Top  ot  <1cijn  ...  ^2  .icrc;: 

(2)  Normal  pool  ...  49  acres 


f.  Dam. 


(1)  Type  •••  Earth!  ill,  homoijencoiis* 

(2)  I.enqtli  ...  1,69‘i  ft. 

(3)  Heiqht  ...  36  ft. 

( 4 )  Top  width  ...  12  ft. 

(5)  lli'de  slopes 

a.  Upstream  ...  Iv  on  t.7t'.  v-.tro'/e  waterline) 

b.  Downstream  ...  Trreqniar,  Iv  on  T.3h  to  Iv  on  5.7h 

(6)  Cutoff  ...  Clay  core* 

(7)  .Slope  protection 

a.  Upstream  ...  Riprap  (par*  lal),  tiff  qravel 
l>.  Downstream  ...  Weeds  tir'd  hror.h 


(1)  Type  ...  Uncontrolled,  concrete  sill,  trapezoidal 
sect i on 

(2)  vocation  ...  Left  abutment 

(3)  Lenqth  ...  94  ft. 

(4)  Crest  ...  Elevation  823.0 

(5)  Appicoach  channel  ...  Lake 

(6)  Exit  channel  ...  Earth  cut,  trapezoidal  section 

Emergency  .Spi  11  way . 

(1)  Type  ...  Uncontrolled,  earth,  V-section 
(2;  Location  ...  Right  abutment 
(3'  Crest  ...  Elevation  826.1 
(4)  Approach  channel  ...  Lak'' 

(6/  Exit  channel  ...  Unimprovi-.l 


'1  .  hake  iJrawdowm  Eac  i  I  i  t^.  None 


*Ppr  .1  r  epr e.'ie nr. at  i  V'’  of  r'ne  Owner 


SKCTION  2 


KMr.lNKKKINC  DA'l'A 


2.1  I GN 

No  onq  i  "ife  r  i  n<i  d  i'*latinq  t<'  K;>  '-f  the  riam  are  known 

to  exi^t. 

2.2  CONi'.TRUCTION 

The  folLowinq  infoimat ion  was  obtained  from  Mr.  Burford  Shy, 
presiMit  Chairman  of  the  Board  for  the  lake  property  owners' 
diisoc  1  it  ion.  Mt  .  .)hy  w(>rkc<l  for  liis  brott'or,  Paul,  dining  tlie 
period  (1947)  w!ien  tiie  Cole  Lake  Dam  w.ir.  liejng  (.onst  ructod ; 

"The  dam  was  elms'- ructed  with  clay  o!-.tain''d  from  the  area  to  )>= 
occupied  by  the  lake.  Two  bulldozerr;  and  three  tractor  drawn 
sc'-npers  were  used  to  move  and  place  the  fill  material  for  the 
dam.  A  core  trench,  to  an  estimated  maximum  dep'ih  of  about  IS 
feet,  was  excavati-*!!  to  rock  along  file  eenteiline  of  the  d.im  and 
backfilled  with  cioy.  Layers  of  gravel  were  encountered  at  the 
streamline  while  excavating  the  core  trench.  Compaction  of  the 
f  ill  and  backfill  w.is  achieved  by  running  tlv*  earth  hauling 
eipiipment  over  the  previously  placed  I  ili  Igyer.  No  compai't  ic'n 
tests  were  made  or  records  kept  of  the  dam  const '"uct  ion  iiriirk.” 

Mr.  Bhy  also  s.tated  that  springs,  wei..  I'ncountered  during 
construction  o<  the  dam  at  the  approximat--  locat.  ions  tdiat  .seepage 
was  observed  during  tf.e  inspection. 

2.  5  OPERATION 

Tile  lake  level  i.s  uncontrolled  and  itoverned  by  the  cre.st 
elevation  of  the  principal  .spillway  Irw'.ated  at  the  left  afmtment. 

An  emergency  rgrillway,  with  a  crest  elevation  approximately  2.1  feet 
higher  than  the  -noit  of  the  principal  spillway  and  about  1.3  feet 
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lower  tliaii  the  top  of  the  dom  at  its  lowest  jJoiriL,  is  located  at  the 
right  ahiitmeot.  A  representative  of  the*  Owner,  reported  that  Che 
highest  lake  level  observed  occurred  during  the  sping,  of  1979  (the 
dam  was  raised  in  1978)  <iud  ,  judging  by  a  Iiigli  water  mark,  was 
estimated  to  be  approximately  18  inches  above  the  normal  pool 
level.  It  was  also  stated  that  the  ilam,  prior  Co  being  raised  had 
not  been  overtopped. 

2.4  EVALUATION 

Aval;^ilJ_^.  Eng  ie.ee  r  ing  data  for  assessing  the  design  of  the 
dam  and  spillways  w..M'e  nnavai  lable. 

i) .  Adequacy.  No  data  available.  Siepag.'  aid  stability 
analyses  coaiparablc  to  the  requirerot'iits  of  i.he  'Recommended 
Oui  felines  for  bafety"  wer.‘  not  availabLo,  whi  'h  js  c.-iasidered  a 
deficiency.  These  seepage  and  stability  an.  lysi’s  -.honld  be. 
performed  for  appropriate  loading  conditions  i  n  .■  hid  ing  ea  rthqua’ice 
loads)  and  made  a  matter  of  record. 
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SECTION  3  -  VItJUAI.  rNSl’Kf'TION 


3.1  FINDINGS 

a.  General  A  visnal  inspection  of  the  ^ole  Lake  Dam  was  made 
by  Horner  i.  Shifrin  engineerinq  personnel,  T.K.  DeiTIens,  Geoloqical 
Engineer,  K.L.  Freese,  Civil  Engineer  anO  Hydrologist,  and  A.B. 
Becker,  Jr.,  Civil  and  Soils  Engineer,  on  19  July  1979.  An 
examination  of  the  dam  site  was  also  made  by  an  engineering 
geologist,  Jerry  D.  Higgins,  a  consultant  retained  by  Horner  & 
Shifrin  for  ttie  purpose  of.  assessing  the  areri  geology.  Also 
examined  at  the  time  of  the  inspection,  was  th,'  area  below  the  dam 
within  the  potential  flood  damage  zone.  Pliotographs  of  the  dam 
taken  at  the  time  of  the  in.spection  are  I'lcludod  on  Pages  A-1 
through  A-6  of  Appen.iix  A.  The  location  of  and  direction  in  which 
the  inspection  photographs  were  taken  is  :  nd  icatc'd  or;  Plate  4. 

b.  firc-a  Geology.  The  d'am  site  is  located  on  the  northern  flank 
of  the  Ozark  liplift  on  nearly  flat'l.ying  Ciimbrian  jge  sedimentary 
rock.  The  uniform  bedrock  structure  i.s  intersected  by  the 
northwest-southeast  trending  Valle.s  Mine-Vi  nel  and  Fault  which  passes 
through  the  area  approximately  3  miles  north  of  the  dam  site.  In 
the  general  area  the  Cambrian  age  Potosi  Formation  is  exposed  at  the 
surface.  The  Potosi  formation  is  a  massive,  thickly-bedded, 
medium-to-f ine-grained  dolomite  with  abundant  quartz  druse  and 
chert.  The  hilltops  in  the  area  are  reported  to  be  capped  by  cherty 
dolomite  of  the  Eminence  formations. 

The  dam  and  reservoir  are  founded  on  gently  .sloping  Poto.si 
residuum.  The  residuum,  derived  from  insitu  weathering,  in  a 
blocky,  ted  clay  with  abundant  quartz  druse  and  chert.  There  has 
been  no  severe  erosion  of  residuum  around  the  lake,  although  erosion 
has  occurred  in  the  emergency  spillway  outlet  channel.  Both 
abutments  are  composed  of  gently  sloping  Potosi  residuum  with 
bedrock  exposures  limited  to  the  spillway  at  the  left  abutment.  The 
auutment  slopes  appear  stable  with  no  severe  (‘ro.sion  evident. 


3-1 


The  Valles  Mi  nes-Vineland  l-'nult,  which  doer,  not  cross  tlie 
dam  site,  is  considered  to  be  an  extension  of  Hk  dt.  Goneviove 
Fault  r.ystem  and  a  part  of  the  St.  Genevieve  Si'i  r.motectonic  Region. 
Ttiis  Seismotectvonic  Region  has  been  the  ci-nter  of  several 
significant  historic  seismic  events.  An  I'vent  of  Modified  Merculli 
Intensity  of  VII  may  occur  in  this  region  based  upon  the  postulated 
recurrence  of  historic  earthquake  events.  Rased  upon  the  site 
geology  and  distance  from  the  fault  system,  the  most  likely  seismic 
hazard  i»uld  be  the  result  of  induced  ground  motion  rather  than 
ground  failure  by  faulting. 

c.  Dam.  The  visible  portions  of  the  upstream  and  downstream 
faces  of  the  dam  (see  Photos  1  and  2)  appeared  to  be  in  sound  (no 
cracks  or  slides  were  noticed)  condition,  although  the  upper  areas 
on  the  embankment  slopes  are  exceptional ly  steep.  The  material 
exposed  at  the  dam  crest  and  upstream  face  of  the  dam,  except  for 
riprapped  areas  and  spotty  patches  of  w.?ed-,,  consisted  of  tiff 
gravel,  a  small,  .stone  that  ranges  in  size  up  to  aoout  3/4  of  an 
inch.  The  riprap,  a  stone  about  4  inches  acro.ss  in  size,  covered 
approximately  60  percent  of  the  upstream  face  of  the  dam  (see  Photo 
12)  and  extended  from  below  the  waterline  to  near  the  top  of  tt;e 
dam.  Oniy  a  .sparse  growtli  of  weeds  (see  Photo  7)  existed  on  the 
upper  areas  of  the  downstream  face  of  the  dam,  while  the  lower  areas 
were  densely  covered  with  weeds  and  brush.  Felled  trer’s  were  also 
presort  at  several  locations  along  the  downstream  tiae  of  the  dam,  A 
ridge  approximately  2  fo<!t  high  was  obsrjrved  in  fho  lake,  alx)ut  1 
foot  below  the  surface,  paralleling  the  dam  at  a  location 
approximately  8  feet  from  the  face  of  the  dam.  The  ridge  extended 
from  a  point  beginning  ne?ar  the  principal  spillway  for  a  distance  of 
approximately  500  feet.  The  reason  for  the  ridge  was  not  apparent. 

At  a  Uxiation  near  the  center  of  the  dam  and  a  point  about 
20  feet  below  the  crest,  seepage  estimated  to  bo  flowing  at  a  rate 
of  about  1  gpm,  was  observed  emerging  from  the  face  (see  Photo  8)  of 
the  dam.  Seepage  was  also  noticed  emerging  from  the  base  of  the  dam 
(see  Photo  9)  at  a  location  approximately  150  feet  from  the  right 
abutment.  The  exact  location  of  the  praint  of  exit  for  this  seepage 
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p5;  Li  mated  to  be 


could  not  be  determined.  However,  the  flow  was 
about  2  qpm.  The  area  adjacent  to  and  paralleling  the  right  side  of 
the  dam  (see  Photo  10)  was  soft  with  seepage  flowing  in  a  shallow 
erosion  channel  just  below  the.  toe  of  the  slope.  Tliere  was  also 
evidence  of  surface  erosion,  a  gully  was  cut  up  to  12  inches  in 
depth,  that  appeared  to  be  due  to  storm  water  runoff,  through  this 
same  area. 

The  subgrade  at  the  downstream  side  of  the  4-inch  thick 
concrete  sill  at  the  principal  spillway  was  found  to  be  partially 
eroded  (see  Photo  4)  across  half  of  the  section.  Undercutting  of 
the  sill  extended  to  a  depth  of  up  to  one  foot  in  several 
locations.  Due  to  lack  of  support,  several  .sections  of  sill  slab 
were  broken,  leaving  the  downstream  side  in  a  ra(3gf.'d  condition.  The 
subgrade  at  the  downstream  end  of  the  paved  chute  (see  Photo  5)  that 
lies  below  the  spillway  sill  was  also  eroded  across  almost  the 
entire  section.  Undercutting  of  the  paved  surface,  a  free-formed 
Section,  extended  to  a  depth  of  up  to  2.5  feet  with  over  12  i  nchu-s 
of  subgrade  material  missing.  Some  seepage,  estimated  to  be  on  the 
order  of  1  gpm,  was  observed  flowing  from  the  exposed  .subgrade  at 
the  end  of  the  chute.  A  three-strand  barbed-wire  type  fence, 
located  adjacent  to  the  downstream  side  of  tlie  spillway  sill  wa.s 
found  to  extend  across  the  entire  spillway.  The  spillway  outlet 
channel  below  the  chute,  although  unimproved,  (see  Photo  6)  was 
found  to  be  in  fair  condition  with  few  obstructions  and  only  minor 
erosion  of  the  section.  However,  beginning  at  a  point  approximately 
100  feet  below  the  spillway  crest,  the  channel  was  found  to  be 
overgrown  with  small  trees  and  brush.  The  cliannel,  through  the  low 
lying  area  below  the  dam  and  east  of  County  Hoad  E,  was  found  to  be 
densly  covered  with  brush,  cattails,  trees,  and  other  vegetation. 

The  crest  of  the  emergency  spillway  (see  Photo  11)  was  found  to 
be  in  sound  condition,  although  some  minor  surface  erosion  due  to 
storm  water  runoff  was  noticed.  The  crest  as  well  as  the  upstream 
and  downstream  faces  of  the  spillway  channel,  with  the  exception  of 
some  weed  growth,  had  no  protective  covering  to  prevent  erosion. 
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The  ciitlot  channel  for  thin  Bpillway  war.  al;i'  found  r  i  lack 
protective  covering,  wi  th  erosion  up  to  t .?  inche  '  in  several  place  ., 
having  occurre.1  throU'.7h  the  drainage  areci. 

Although  no  aninal  burrowr  were  nor.ic'J  at  the  time  of  the 
inspection,  it  was  reported  that  during  the  previous  year  (1973i, 
approximately  106  muskrats  were  taken  ftoo  t-ne  dam  area. 

d.  Downstream  Channel.  The  channel  .downstream  of  the  dam,  Tiff 
Creek,  is  unimproved  and  extends  for  approximately  4  miles  before 
joining  the  Big  Rivet. 

At  a  distance  of  about  100  feot  belov:  the  dam,  a  12-foot 
wide  by  7-foct  high  concrete  box  culvert  allows  stream  flow  to  cross 
County  Road  E.  At  tile  time  of  the  inspection,  flow  in  the  cuiv'rt 
was  estimated  to  bo  about  4  to  5  gpm,  approx ima te iy  the  same 
quantity  of  flow  ob.served,  and  believed  to  h.-  seep. ice  f  ro'.ii  the  Like. 

•  Numerous  homes  a.id  other  bcildircs  .ire  pre.sen* 
i:i  the  at(;a  adj.icsnt  to  the  l.ike.  The  lak--.  •■'I'.rel.nc'  is  grass 
covered  and  tree  lined  .'it'd  appeared  to  be  i  ma i nt.ai ned .  The  vcm  y 
upstream  end  of  the  lake  is  cro.sned  py  .(  ■: ounr./  road  whi're  a 
co.icrete  box  culvert  ul  lows  flow  to  pass  ben '..tti  the  road.  The 
amount  of  sediment  within  the  lake  could  not  he  determined  .it  tine 
ti.me  of  the  inspection.  Hoviiever,  a  repi  everi.at  ive  ol  the  Owner 
reported  that  when  constructed,  the  lake  at  its  deepest  point  was 
about  55  feet  .deep,  but  now  is  believed  to  be  only  45  feet  deep  at 
its  deepest  location. 


3.2  EVALUATION 

With  the  exception  of  the  steep  upstream  and  downstream  slofH's 
that  exist  near  the  top  of  them,  the  deficiencies  observed  during 
this  inspection  and  noted  herein,  are  not  considered  significant  to 
wararant  immediate  remedial  action. 
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Si:;"rUJN  4  -  OrKKATI  iNA', 


4.1  PR  XT.  DU  Hi--':'. 

'I'he  r.p i  11  v;;iy ..-iri'  rol  -'5urf^iC'.>  lev"!  i:; 

oover.'u'U  by  precipit.-tlcn  riinol'l,  eva;>.:>rc»  f  ion,  neopan",  and  t.he 
capacity  cl  t'no  uncon  c  i:o  L  i  ed  piincipal  .and  emergency  rpillway.''. 


4.2  M.AINTKNANCE  UF  D/\M 

/is  pri'vioucly  in<ii(-r);;.jJ  ,  improvemont.s  havt;  tecent.ly  (I'l’/S)  bci'n 
made  to  the  dam  and  sciillways.  According  t.o  a  reprorentativr  of  thr. 
Owner,  with  the  exc'ption  of  the  riprap  r)l  .'ic'-ai  on  the  upstrearr  face 
of  the  dan,  these  i.inprovi.'m-'nts  are  complet".  Urjw.’vec,  l)aned  on  tr'o 
extensive  growti;  of  weed-',  and  bru-rdi  tiiat  exist  on  i.hf'  dam  anil 
elsewhere  ,‘S  well  an  the  lack  of  a  feienniai  plant  ;’Over  to  ;’Tev"nt 
erosion,  it  wruld  ;i;vpcat  that  thenr  area;;  are  in  n"r'd  of  add  1 1  i  <an,i  i. 
maintenance.  Further,  it.  alsio  ap;ao.ais  tiuat  little  has  lieen  don'-  to 
prevent  o.eci.it  r  enc.-  o‘'  prnbions  as.aociated  with.  :'>oeoagf!  incliKling 
dtainage  of  t!-."  lo-w  lying  area*;,  where  th"  witter  ao-c  amnia  ten  ne-i: 
the  rvine  of  t!ie  Jan. 


4.3  r4,3TN  ■'.FNANC'E  OP  OU'Al.ET  OPEPATIN’G  FACIJJTIES 

No  outlet  ova' rating  facilitien  exist  at  thin  dam. 


4.4  DEhCHIPriON  OP  ANY  WARNING  SYSTEMS  TN  EFFECT 


The  i  n.npecr.  i  cn  .lid  ri'it  reveal  the  ex  i  .n  tonce  of  a  dam  warning 
sy s  tem . 
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C'n-  s::it'!;y  'll  the  dawi.  ’  t  i ;;  rec  omnieiulcd  that  nia  i  n  le ;  .arii  c  ol  tii'' 
dam  and  spillways  !>e  uiuli; r t ak en  on  a  rejtula;-  basis  and  that  records 
he  Kept  of  ail  ;:ia  i  n  re  nance  wnk  i‘ f  oi  i:ied  . 


St'XVION  5  -  HYDROLOGlC/ilYDKAlll.n; 


).l  KVA’.UATION  OK  KEATliRKS 

a.  Des  ign  Data .  Design  data  are  not  a  v  a  i  i  a!jl  o  . 

b.  Exper ience  Data .  The  drainage  area  and  lake  surface  area 
were  developed  from  the  USGS  Vineland,  Missouri,  Quadrangle  Map. 

The  proportions  and  dimensions  of  the  spillways  and  dam  were 
developed  from  surveys  made  during,  the  inspection. 

c.  Visual  Observations. 

(1)  The  principal  spillway  crest  consists  of  a  94-fooL  long 
concrete  sill  of  variable  width.  A  concrete  chute  lays  immediately 
below  tile  soutii  half  of  tlie  .spillway  sill.  Tht'  .suhpi  arte  for  the 
north  half  of  the  till  as  well  as  the  .subgra  ir-  .it  the  downstream  end 
of  the  chute,  are  extensively  eroded  with  hotli  sections  undercut.  A 
three  strand  barbed-wire  fence,  .supported  by  luetal  posts  embedded  in 
the  sill,  crosses  the  spillway  opening. 

(2)  The  principal  spillway  is  located  within  chi>  embankment 
near  the  left  (south)  abutment. 

(3j  Below  the  spillway  sill  and  concrete  chute,  the  outlet 
channel  con.sLsts  of  a  trapezoidal-shaped  section  appro.ximately  8 
feet  wide  and  3  to  4  feet  deep,  that  coiit  iuuej:  lor  about  100  leet 
before  joining  a  draw  of  the  original  dr,ainage  p.ittern.  The  draw 
follows  a  course  away  from  the  downstream  face  of  the  dam.  The 
jagged  surface  of  the  Poto.si  formation  is  exposed  in  the  invert  of 
the  upper  reach  of  tiio  channel.  The  lower  portion  of  the  reach  is 
congested  with  small  trees  and  brush. 

(4)  The  down  .It  I  earn  face  near  the  top  of  the  dam  is 
exceptionally  (Iv  on  1.3h)  steep.  The  upstream  face  above  the 
waterline  i  .s  .ilso  steep.  .Judging  by  the  type  of  material  expo.sed  to 
view,  this  upper  portion  consists  primarily  o(  tiff  gravel.  In 
additiiMi,  this  portion  of  the  embankment  does  not  have  per.jnnial 
type  plant  cover  to  pievent  erosion  by  sloiw  water  runoff.  Thii 


lower  rwrtions  of  the  emlirt nr. merit.  jpr'-‘ar  t  i  I'on;  ';t  of  native  prril,  .j 
rert,  qravelly  ol.-iy. 

(5)  'rh'»  emoreenoy  rpillw.iy  O  .'f  .a  ".h  i  i  low, 

di  irh-sh.Tfieil  depri?.''..nv)n  t.hroiiqti  t.tio  dam  e.’it  th'  right  (northl 
abutment.  The  .•;pillw.:y  n oh.iriie.:  irii-,  .1  nitur.il  d;  ,iw  that.  ODnv'-yr- 
water  away  from  the  da;n  t>y  followinq  a  i'oir..e  thit  rouqhly  parallel:; 
the  b<a;-e  of  the  d.e'.i. 

(6)  No  drawdown  fecrilitie;;  .are  .i  .ai  1  1  td  to  dewate-r  ;  hi 

lake . 

•  Overtopping  Potential.  Elevatirrn  Mdii.'l  was  found  to  be 
lowest  point  in  the  d.am  crest.  The  spillways  (t'ri  ncip.rl  and 
emer-qency)  are  inadequate  to  pas.s  the  [itolialile  maximum  flood  or  the 
1/2  probable  maximum  tlo.od  without  i)vertoi/pinn  the  dam.  They  are 
adequate,  h-rwevei  ,  to  pari;:  the  1  percent  chance  (100-year  frequency) 
flood  without  overtopping  the  dam.  Th“  results  of  a  .lam  overtopping 
analysis  are  a.s  foll'iws; 

1'KIilB  Dura  t  i  o  n  _o  f 


Dcgnth  of  Flow 

(^ye  r  t  opp  i  nq 

Q-Peak 

Max.  r..ike 

Over  Dam  (Ft.) 

Of  Da m 

Ratio  of  PMF 

Outt  low  (cf  ,5) 

W..S.  Rlev. 

(Kiev.  826. 4) 

(Hours) 

0.27 

1,780 

826.4 

0.0 

0.0 

0 . 00 

4 , 600 

8  27.0 

1  . 1 

1 . 6 

1  .  00 

1 1 ,04  5 

828.1 

1 . 9 

S.  0 

]00-Yr.  Flood 

l,00e 

82S.6 

0.0 

0 

0 

The  flow  safely  passing  the  spillway.s  just  prior  to  overtopping, 
was  determined  to  lie  1,780  cfs,  which  amounts  to  approximately  27 
percent  of  the  probable  maximum  flood  inflow.  Thin  outflow  is 
greater  than  the  outCl.aw  far  the  I  percent  chance  (lOO-ycar 
frequency)  ricxio.  During  peak  flow  of  the  probable  maximum  flood, 
the  greatest  depth  of  Clow  over  the  dam  would  be  approximately  1.9 
feet  and  the  overflow  will  extend  for  about  the  entire  length  of  the 
dam  crest. 


*?.  I'.vnluat.  ion.  na:'.<?<l  on  tho  f.Tor.ii  in  t  hat  haa  occurred  at  the 
principal  cpillway  ( I  he  concrete  nill  afvl  clmte  ire  extensively 
undercut)  it  in  evident  that  the  embankment  laaterial,  a  qravilly  red 
clay,  can  iinder  cert.iin  ci  rmimutances,  such  a;-,  lar'ie  :;|)inway 
releast':'.  v;ith  aocompanyinq  liiph  velociti<'s,  bf-  very  eroil  i  !ilf .  Mr.), 

durinq  flood  condition::  whi'n  flow  over  ttv'  d.nii  occurs,  it  is 
expected  that  rapid  erosiiJn  of  the  unp’i  ut-?c*  ::t,'pp  down.str'-im 
slopes  that  at':-  c.vnprsed  at  least  in  pait  of  tilf  qravel,  will 
occur.  Therefoie,  for  l.akc*  flooilinq  condition;-,  that  resiilt  ■.  n  flow 
over  the  ton  oi  t'ne  dam,  f  ailure  oi  th''  <1  am  ■.  •xpts-ted. 

f.  t^^f ereiictv .  I'r  ocr-durer  and  d.at  i  f'-r  d  -t-Tini  ninq  tiie 
probable  m.ixiinum  flooi,  th.e  100-year  frequ.ncy  I  '  r,o  i ,  and  th'' 
di.ichurqe  ratinci  cuivc  !'e>r  flow  p.ar..sin<j  tiv  -ipillw.ay.s  and  tie  dam 
crest  are  presented  o.i  P.aqi's  B-1  and  IV-.’  of  the  Aopendix.  A  Listinq 
of  the  HKC-1  (Dam  Safety  Version)  input  data  for  routinq  the 
probable  maximum  f  Uvid  and  the  1  perceni  ch  inc’  11 00-year  frequency) 
flood  is  .shown  on  Payer,  B-3  and  U-4  of  the  Appendix.  A  copy  laf  the 
computer  output,  table  entitled  "Summary  of  Dam  flafety  Analysis"  i.s 
presented  C'n  I'aqe  li-f  .and  the  inflow  and  outflow  hydroqraphs  for  the 
probable  maximum  f lool  are  shown  on  Paqe  B-6  of  the  Appendix. 
Area-storaqe  r'urve.s  for  the  reservoir  are  presented  on  Plate  6  and 
the  spillway  vUncharge  latinq  curves  are  shown  on  Plate  7. 


6.1  KVALUA'l'IO'l  OK  STRIK''; '  IKAL  STAJJir,  [TY 

.3.  Vi  t'li.i  1.  i_vat;  i_or(.  .  An  iie-m  K'n'iii';  ih>‘  i  nfspoc  *.  i  ■>n 

anfJ  con.'-' idertvi  to  bo  ot  •; i  (in  i  f  i can t  iKiiiort- .cioc  ■  the  per  f  orinani'o  of 
the  (ham,  IS  t>ie  ^.-xcoj ’t: i  5'i;«  1  1  y  steep  islop..-;;  that  oxi.st  on  the 
iipstroniT  and  ■.'.owri'''t  ro.iin  facer,  ol  t  h.e  :-in‘->ai' ta'ont .  'I'he  i  n.^peot  i  on 
•il.'i,)  t.i'.ealed  t.h  it  iiiot-  t  ia)  .c  used  to  rci.c.’  t!io  d.m.  (nee  para<;rar-’ii 
'■.lei;  i  !i  tod  o'^  .a"  nndo  to  rr.n  nablf-  ■  :o.nb  i  nat  i  on  of  titf  grav(;l  and 

(Clay.  Oit.er  ^ten,'',  net '..c;  ed  din'inq  tlae  'unpccl  i<ni  itiolij'l'i  seepago, 
lack  ')f  }>eron’iial  plan*  coe'  f  in  ccta'oa  are. is  ;;nl  ieot  to  ero3ion  by 
otoirn  '..'jt'.-i  r.iivaM  vo  '.pillway  fh-'w,  .lad,  co,;.-,-  Itoah  Flat  coiibl 
ccincoal  ani.tal  rn  t  r;,-.-."'. .  The  i(K'at!('>n  aO'i  ■•stool  of  tt!'';(:‘  i  tei!- i 
d;  acunS'Od  in  Section  d,  oar.a'ir  iph  -i.bt  . 

b.  1^''’*  Ooiist  ruct  i  on  Da^i.  K'<;,  c.':i  ,•  i  •;-:t  i  on  data  re’  i.iti'i 
to  the  .'■t  rector  dj  st.ihili.ty  of  the  <hm  <aro  krK-pn  tn  exist.  .Seef.a(7" 
an''i  .st.at'i  1  i  *.:y  ana’y.'.t'S  C'amparable  to  the  r'Hji.  i  rements  of  the 
"Uecominended  Gaidelinos  for  Safety  Inspection  of  Hams"  were  not 
available,  which  in  considered  a  deficiency.  'riv'se  roepage  and 
-strib  il, !  ty  .analyse.s  should  be  performed  for  appr  apri.ate  loading 

cond  i  1 1 'in.a  (.i-ncluding  f-a  rthtpiake  I'oads)  and  made  a  m.ittor  of 
record . 

c.  Records.  No  appurten-.ant  struct.iren  or  facilities 
requiring  operation  exist  -at  thin  dam.  Acc<jrding  to  a  repreaenta' 
tiV'’  of  the  Owner,  no  records  are  kept  of  the  lake  level,  spillway 
di.schar'ie,  dam  settlement,  or  seep, age. 

d.  P'OSt  Construction  Changes.  Based  <on  infotmation  provided  by 

a  representative  ol  the  Owner,  it  is  believed  that  there  have  been 

several  changes  to  the  dam  since  completion  'if  construction  in  1947 

that  could  have  an  affect  on  the  structural  stability  of  the  dan.. 

'these  chci'aoe'3,  all  of  'which  were  lei^orted  to  h.ove  t'ei>n  implem^'nled 

in  t'HH,  ifielude  :ai.';in')  the  dan  apior-.ax  iai.i  fe  i  y  -1  feet,  incre, usin'] 
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t  h”  wiilth  cf  the  principal  npillway  openimi  f  roir  a'.<jur.  47  feet  to 
approx  iiMttnly  94  feet,  and  raisincj  the  i:r'>st  oi  fne  emergency 
spillway  approximately  I  fcxit. 

e.  Stahl  l  it^^.  I'a  .eii  on  tne  st<.‘ ‘p  down  ;  tr earn  slope  in 

the  uppei  regions  of  thi  d,;m,  the  lack  oi  "tod'iljty  aiu'.lyner,  as  well 
as  knowledge  of  materials  used  and  met’eml.-.  .  ’'oU.'yel  to  laisn  th.e 
dam,  a  -judumert  as  to  the  effect  ol  an  ••a  i  thignal.e  on  this  dam  cannot 
be  made  at  this  time.  However,  a  geolog'.o  fvilt  is  relatively  close 
(appro.xima  tely  3  miles)  to  the  dam.sit'  atui  tai  nsi  of  tiff  giavtl 
for  dam  cons tt not  i on  ;s  if  guestirxvit.le  value.  ^  q.nke  at  the 
damsite  <;oijl'l  cause  the  ir’atively  looS’-'  till  gra.'el  to  becra"'- 
unstable,  resulting  n  slope  failnre  /.t  the  top  of  the  ilam. 


SECTION  7  -  ASSESSMENT/KEMEni7vL  Mr.r.SUREH 


7.1  DAM  ASSESSMENT 

a.  Safety .  A  hydraulic  analyrsis  indicates  tie  spillways 
(principal  plus  emergency)  are  capable  cf  passing  lake  outflow  of 
about  1,780  cCs  without  the  leeel  of  the  lake  exceeding  the  low 
point  in  the  top  of  the  dam.  A  hydrologic  analysis  of  the  lake 
watershed  area,  as  discussed  in  Section  5,  paragraph  5. Id,  indicated 
that  for  storm  runoff  of  probable  maximum  flood  magnitude,  the  lake 
outflow  would  be  on  the  order  of  11,043  cfs,  and  that  for  the  1 
percent  chance  (100-year  frequency)  flraod,  the  lake  outflow  would  be 
about  1,065  cfs. 

Several  items  were  noticed  during  the  inspection  that  could 
adversely  affect  the  safety  of  the  dam.  These  items  include  the 
exceptionally  steep  slopes  that  exist  at  the  upstream  and 
particularly  the  downstream  faces  of  the  dam,  seepage,  lack  of 
pererviial  plant  cover  in  areas  subject  to  erosion  by  storm  water 
runoff  and/or  lake  outflow,  dense  brush  in  certain  areas  that  may 
conceal  animal  burrows,  and  a  barbed-wire  type  fence  that  traverses 
the  crest  of  the  principal  spillway. 

Stability  and  seepage  analyses  of  the  dam  were  not  available 
for  review  and  therefore  no  judgment  could  be  rn.a.ie  with  respect  to 
the  structural  stability  of  the  dam.  Due  to  the  fact  that  the  upper 
areas  of  the  dam  have  slopes  that  are  unusually  nt'^ep,  it  is 
questionable  if  the  stability  of  the  embankment  is  adequate  for  ii: 
service  conditions. 

b.  Adequacy  of  Information.  Due  to  lack  of  design  and 
construction  data,  the  assessments  reported  herein  were  based  on 
external  conditions  as  determined  during  the  visual  inspection.  The 
assessment  of  the  hydrology  of  the  watershed  and  capacities  of  the 
spillways  were  based  on  a  hydrolog ic/hydrau i ic  study  as  indicated  in 
Section  5.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 


Dams"  were  not  available,  which  is  cons  i’ie  red  a  deficiency. 


c.  Urgency .  The  items  concerning  the  safety  of  the  dam  noted 
in  Paragraph  7.  La  and  the  remedial  nn'-isures  recoimnended  in  Paragraph 
7.2  should  be  accomplished  in  the  near  future. 

d.  Necessity  for  Phase  II.  Based  on  tin-  results  of  the  Phase  1 
inspection,  a  Phase  11  investigation  is  not  rec oimuended . 

e.  Seismic  Stabili.ty.  Based  on  the  sleep  downstream  slopes  in 
the  upper  regions  of  the  dam  and  the  lack  of  stability  analysi?  ;  as 
well  as  knowledge  of  iiciteria'is  nsie.l  and  incrhods  cinployed  tr;  sai'c 
the  dam,  a  judgment  as  lo  the  effect  )L  ii  thuuake  on  this  il.i.n 
cannot  be  made  at  this  Lime.  However,  a  -vcolopi:  fanlt  is 
relatively  close  ( approx-mately  3  mi  If-s'  to  tlie  .linisxte  .nid  the  use 
of  tiff  gravel  for  dam  ccnstruction  -s  of  .juesc  ionable  value.  A 
quake  at  the  damsite  could  cause  the  relatively  loose  tiff  grivei  to 
become  unstable,  resulting  in  slope  failure  at  ten  top  of  the  dam. 


7.2  REMEDIAL  MEA.SUR.ES 


a.  Recommer.dati_on^.  The  following  actions  are  recoimnended; 

(1)  Based  upon  criteria  set  forth  in  the  recommended 
guidelines,  a’teratins  to  the  design  of  the  dam  should  be 
made  in  order  to  pass  lake  outfli>w  resulting  from  a  storm 
of  probable  meximum  flood  magnitude. 

(2)  Obtain  the  necessary  soil  lata  .and  perform  dam 
stability  .snd  see[).ige  a.n.slyses  in  order  to  determine  the 
structural  stnbilitv  of  the  dam  fur  all  operational 
conditions.  ceeepage  and  stability  analj’ses  should  be 
performed  b)  a  qualified  pofes^ional  engineer  e  xpe  r  ienc  i.-d 
in  the  design  and  construction  of  ilamr.  th.it  include  tin?  usi;- 
of  tiff  materi.il  fot  eml'a.iknH'iit  fill. 
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b. 


I 


following 


Operat lon^  and 
0  &  M  Proood.ii 


Maintenance  (0  f.  M) 


are  rec oiimeiidi-«; : 


1'  1'  (j  c  e  d  11  r  e  s  . 


The 


(1)  Riiiiove  tile  trr'es  as  well  i;;  r.lie  fallen  trees  and 
brush,  that  may  conceal  animal  biirrows,  from  the  viownst  ri>ain 
face  of  the  d.i:n  arid  the  area  adjacent  to  the  downstream  toe 
of  tile  slope.  Holes  from  tree  roots  .mi  voids  created  by 
burrowing  animals  provide  a  pathway  for  seepage  th.at  ran 
lead  to  a  piping  (progressive  interii.il  erosion)  condition 
•Hiid  potential  failure  of  the  ilain.  Tlie  existing  turf  cover 
should  be  restored  if  destroyed  .ji  missing  (much  of  r'ue 
downstream  face  has  no  perennial  typo  of  plant  cover). 
Maintain  the  turf  cover  on  the  slopes  at  a  height  that  will 
not  hinder  inspection  of  the  slop<.>  or  provide  cover  for 
burrowing  animals.  The  removal  of  trees  should  be 
performed  under  the  guidance  of  ,in  engi.ieer  experienced  in 
the  design  ano  construction  of  eartti  dams,  since 
indiscriminate  clearing  can  jeopardize  the  safety  of  tlie 
dam. 

(2)  Provide  .^ome  means  of  prevcn:  ing  piping  due  to  seep.igo 
at  tlie  downst  t  earn  face  of  the  dam.  A  p.ping  condition  can 
result  in  failure  of  the  dam. 

(3)  Drain  the  low  lying  .areas  adj.sciuit  to  tlii?  toe  ol  tin' 
dam  in  order  to  prevent  soft  ground  .ind  conditions 
detrimental  Co  die  stability  of  tie'  rmh.inV.ment . 

(4)  Remove  the  Lree.s  .and  brush  from  the  downstream  area  of 
the  principal  spillway  outlet  channel  in  order  to  allow 
flow  to  reach  the  downstream  channel  unrestricted. 
Restricting  flow  in  the  spillway  channel  can  result  in 
flooding  of  the  are.?  adjacent  to  the  downst  re.am  toe  of  the 
dam  and  conditions  unfavorable  to  the  stability  of  the 
embankment . 

(5)  Remove  the  barbed-wire  type  fence  that  traverses  the 
crest  of  the  principal  spillway  and  provides  a  barrier  on 
which  lake  carried  debris  could  lodge,  resulting  in  a 


restriction  of  the  spillway  opening  .'iiul  unwarranted 
flooding  of  tlie  lake  and  possibly  overtopping  of  the 
embankment . 

(6)  Restore  the  subgrade  at  the  downstream  endsj  of  tin; 
concrete  sill  and  paved  chute  at  the  principal  spillway  and 
provide  some  nieans  of  preventing  future  erosion  at  these 
locations.  Loss  of  subgrade  could  result  in  settlement  of 
the  sill  (crest  )  or  instability  of  the  dam  at  this 
location,  since  loss  of  materials  below  the  chute  will 
affect  the  stability  of  the  section. 

(7)  The  benefit  of  riprap  to  prevent  erosion  of  the 
upstream  face  of  the  dam  in  the  case  whore  the  embankment 
material  consists  of  tiff  gravel  is  questionable.  However, 
if  riprap  is  considered  desireabie,  it  is  recommended  that 
selection  of  riprap  he  done  by  a  qualified  soils  engineer 
in  order  to  insure  proper  gradation  and  size.  Riprap  is 
necessary  to  prevent  erosion  oi  an  earth  embankment  by  wave 
action. 

(8)  A  detailed  inspection  of  the  dam  should  he  instiruted 
OP.  a  regular  basis  by  an  e.ngincer  experienced  in  the  design 
and  construction  of  dams.  It  is  also  recommended,  tor 
future  reference,  that  records  be  kept  all  inspections 
made  and  remedial  me.asures  taken. 

(9)  Provide  maintenance  of  all  area.s  of  the  dam  and 
spillways  on  .a  regularly  scheduled  basis  in  order  to  insure 
feature-s  of  being  in  satisfactory  operational  condition. 
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KYDROLOCIC  AND  HYDRAULIC  COMPUTATIONS 


1.  The  HEC-1  Dam  Safety  Version  (July  1978,  Modified  26 
February  1979)  program  v<as  used  to  develop  inflow  and  outflow 
hydrographs  and  dam  overtopping  analyses,  with  hydrologic  inputs  as 
f ol lows : 

a.  Proluable  maximum  precipitation  (200  sq.  mile,  24-hour  value 
equals  26.0  inche?;)  from  Hydrometeorological  Report  No.  13.  The 
precipitation  data  used  in  the  analysis  of  the  1  percent  (100-year 
flixjd)  VMS  piovidevl  by  tie  St.  Louis  rijitrict.  Corps  of  Engineers. 

1'.  Drainage  area  =  1.21  square  miles  =  774  acres. 

c .  S  C;’  p  a  r  a  m  e  t  e  r  s  : 

Lag  time  =  0.30  hours 

Soil  Group  C  =  100  percent 

Soil  type  CN  «  75  (AMC  II),  88  (AMC  III) 

Lag  Time  =  0.60  To  (SCS  Method) 

Time  of  Concentration  (Tc)  =  \ 

H 

Where;  T  -  I’ravel  time  of  water  from  hydraulically  most 
c 

di.stant  point  to  poi  nt  of  interest,  hours 

L  =  Length  of  longest  watercourse,  miles 

H  -  Elevation  difference,  feet. 


2.  Tlu'  princlii'iJ  <.»mt'rgency  spil  Iw.iy  stirtioii:;  cormist 

respectively  of  brood- I'lested ,  t  rape /,o  idol  and  V-shaped  sectl('us 
for  which  conventional  weir  formulas  do  not  apple. 

Spillway  n^lease  rates  fiir  the.se  sect  i. 'ns  were  determined 
as  follows: 

a.  Spillway  cre.st  section  propertii's  (ari-.i,  a  .and  Lop  wiiitb.,  t) 
were  computed  for  various  depths,  d. 

b.  It  was  assumed  Lltat  flew  over  the  spillway  crest  would 

occur  at  critical  depth.  flow  at  critical  depth.  Flow  at 

critical  doptli  was  computed  a.s  =^^(.a  for  the 

various  depth,  d.  Correspond inp  velocities  (v^)  and 

velocitv  heads  (11  )  were  determined  using  conventional 

vc 

formulas . 

c.  St.itlc  last'  levels  corresponding  t «'  tl:e  variou.s  values 

passing  over  the  spillway  wore  computed  as  critical  depths 
plus  critical  velocitv  liead  (d  t  1!  ),  and  tiie 

re  lac  ion.sli  i  p  between  lake  le'vel  .inil  sj'illwa-.’  disch.argi'  w.is 
thus  obtained.  ihe  proce<iure  inglect.s  the  minor 
insigni  t  ii.'.int  Iriction  losso.s  .■lC|■os.s•  tlie  leisg.th  of  the 
sp  i  1 J  w.iy . 


3.  iiie  profile  of  thj  dam  crest  lietween  tb.e  principal  sjiillway  and 
emergency  spillway  is  irregular  and  flow  over  the  dam  crest  cannot 
he  dett'rmineii  by  conventional  weir  formul.is.  Crest  lengtli  and 
elevation  data  for  tlie  dam  crest  proper  wire  entered  into  the  llEC-1 
I'rogram  on  the  :?1.  and  the  $V  c.irds.  ilie  ptogram  computes  internally 
tlie  f  K'W  over  the  dam  crest  and  .adds  this  flow  to  tlie  flow  over  the 
principal  .and  emergenev  spillways  a.s  enti'red  on  the  'i  A  and  Y5  cards. 


11-: 


o 


o 

(DO) 

* 

o 

• 

fn 

•#r^ 

m 

•-4rsj 

<n 

00 

o 

o 

cor^ 

« 

rvj 

t-#  • 

r-» 

lA 

fr>f^ 

i\j 

pH<VJ 

CO 

00 

s: 

o 

flu 

00 

« 

00 

1  #  •  CL>^- 

n>  • 

o 

1 

«Cr-ta0CVi 

«sjr* 

f-«(VJ 

UJ 

0100  r-< 

a> 

< 

•J 

O0-4 

®oooo 

00  «r 

U.UJ 

lO 

1 

•  •  •  (TXSJ 

0  • 

• 

0.0 

r-4fn 

u 

^a»0D  iH 

OD 

OUL 

o 


t/i 

0 

0 

»A>AOO 

Q>- 

m 

• 

•  •  <00 

0  • 

►-•KQt 

« 

»AOOf^' 

o^• 

f-UJK^ 

fvjfn 

►-•AJ 

■«»u.Ci 

co<c  •-< 

00 

a:«*> 

i/if*. 

«/> 

It) 

ZU.</1 

0 

0 

3^ 

^*•000 

f*** 

>-)auj 

^sl 

m 

a 

#  •C^  >0 

h*  • 

i/1  <r 

• 

tAO  >oa^ 

OA- 

Oi/1 

Ci 

AJIO  c^ 

CM 

«T 

Ul 

O'flP 

'T' 

Oi/iO 

1-4 

zvri 

u. 

•-)_jO 

»-• 

a.<aL 

cu 

0 

Q«-' 

iAtnoc^vAo 

00 

a-Z  I 

4\4 

0 

•  •  • 

f-  ♦ 

a<t- 

• 

r-4 

X. 

«#  Of^-iCr  »ro 

CNjrvj  P'-iO 

A4 

OLUO 

>• 

a  C&  r>4C]0 

30 

U*«4UU 

rt) 

003 

X 

0 

a. 

0 

ic 

00  00  0*0 

noro^ 

<M 

<  <mO 

• 

•  •tAr<>  •  • 

\A  • 

<Q 

• 

rtC  ♦*-< 

rvi 

^(7*  f-«AOO 

fOO 

Q  Vu. 

Or-4 

3 

CM 

Xx: 

O 

0 

QOQD  QO 

(D 

u.  1  a. 

a 

QC 

00 

0 

^u. 

>- 

ar 

<✓>000 

CO  X  cgO 

OOl**-* 

lAiA  00 COO 

0*0 

W.CJ 

rsiO 

• 

«<>,x4>«0 

•  •  >ro  •  • 

^  • 

M  0 

•  • 

o> 

rA®  fr> 

f-i'O 

voo 

U,0  fVJ 

0  • 

oc 

AiAi  u> 

*M 

-JOtM 

Z3 

Oi 

OTj.T'  ro 

CP 

-00^ 

LL 

r  >-< 

X 

Ui 

<Xa 

cx 

00^  <*Hmo 

--40 

0^ 

•^OOOOOiAO 

tf) 

r\; 

• 

•  •  tA  •  • 

•  •  1 

<VJ 

• 

<^co  r*j  fsim  ^  0 

1 

AiAj  <y<MrM  Aj 

al<X>  h-QO  CD  CD 

r-4<Mfn 

•-I 

•H 

rsj 

^iA  <ajM»  0..j> 

ii 


Ik 


ANALYSIS  JF  CA^  OVERTOPPING  USING  lOOYR  FLDOf) 
HYORaLCGlC-HYDRAULIC  ANALYSIS  CF  SAFETY  OF  COLE  LAKE  OAr 
lOOYR  FLOOD  ROUTED  THROUGH  RESERVOIR 


OO  OOOOO  ^^iNjfvjOOOOOOO 

O  o  Oo  O  < ■>  O  OO  O  O  O  oo  o  OO  tT*  o o  o  o  o  oo  o  o  o 


^  fs.  1^^  ^  tr\fr\ 

OOOOOC^O  •-VH  r-tr^^r~ir~t(^e^Jst  'O  ^  o  o  OO  o  o  o 
o  o  oo  o  o  o  o  o  c:>  ooc  o  o  oo  <moo  oo  o  o  o  oo  o 


f».  fs.  fv.  r-- fw.  cr.  » cfi  r  •,  fOrr'.m 

oo  OOOOO  4J%rf0<VJ0OC'OOO  O0^' 

oo  OOOOO  OOO  OOOO  OOOfMOOOCJ  OOL>OOt.  10  I 


O  o  oo  o  oo  <-tr-<  .-<»'«  fvi  CM  mm  ^  mi\j  ooc »  r'O  o  < 

oo  OOQ  oo  OOOOO  OOOOO  ♦-<  OOOOO  O-^X^OCXT) 


O 

CL.or> 

• 

o 

r- •  • 

t^ 

m 

tsj 

m 

<-4f\J 

CO 

tt’ 

O 

o 

a>r- 

• 

ru 

«H  • 

h- 

U'^ 

m*h- 

rj 

O.J 

m 

CO 

oo 

^  ITN 

1  •  •C£>f^ 

P»  • 

.0»-4  a*  rvj 

fsir- 

fv.j  rn  r-4  »rN 

r-4|SJ 

f)>a  ■ 

er 

3'  o  o  o  c> 

aj  ^ 

•  •  • 

fljCsl 

O'  • 

ir\  >^5^  m  fv; 

Of^ 

r  'n' 

#-4  m 

j 

hT  a .  a 

CO 

O  r^r*- mr)  m  m  >r  >r 

•  oo  Ooooo«^rH*-H  — ot.) 

•H  00  00000000<>000000-^r-«00<">OCi  OOOOO 


iK^fs.  mm  mm  m  mm  ^ 

0<.3  OOO  cjo*“^«-<^-^^*-«*^«\ifMmr»>mmiMrsi  oC  0  0^!>  f  >r> 

OOOOOC'<DOOOOOOOO<><>^-«*H<*>oOO(:><.>  «->c.»o 


oo  O  oo  OC-^  «-*•-<  r-ffvm  ^  mnXNjfv  OOOOO 

OO  OOOOO  oo  O  OOOOO  OOO-^OOOO^-' OOOOO 


oo  o  oo  \’»o  o  oo 

oo  ooo  QO^  ^  OOOt  »0  0*  >0«MOOOOf:>00  OOQ 


o 

>~ 

»-^0  «  T  ^ 

•  -J  .« 

u.  r.i 

7-  ^ 
n  a 
r 


rs,  f<«.  f>*  fo.  r**  r*'-  r^<n  mmr'.mm  m  r^r** 

^*30 OC->v^  cjo  — 4.^ *•-♦»  < •-ir-«r«jc\;  ^r^>rM<\JOOr>  >0  OO 

OO  OOO  OO  c»0  0  OO  :>OOOC>OmOO  O  O  00’->0  oo 


nt 

oor 

m.--<*4  Cl 

•  > 

O  I  rx 


iT  j'  <■  ■•  o 

r-4m 

•  •  oo 

O  • 

(Ti  o  m 

or- 

r  jm  rH 

q-’  X-  *"4 

CX) 

r*40  0  0 

N.  ^ 

•  •  0^  *4' 

N.  • 

-^C>  Ou'> 

Of^ 

r> 

fVJ 

era' 

m 

u'ku'i  o 

oo 

•  •  o  •  • 

r»»  • 

nTo  mvj  >r  o 

fv»  r j  N-  N> 

CM 

a>a>  r>4  X 

iXj 

oo  O  OCT  O 

^CT' 

•  •  tfN  m  •  • 

u^  • 

-#  O  r-4  .TSOO 

crjsO 

<NJf\.  -4 

CM 

JWV 

iiy 

U^iTN  O  015  O 

o  o 

•  •  nT  O  •  • 

• 

mcD  m  O  m 

•HO 

fMrVJ  iAsJT'4 

CM 

T)  "o  m 

cn 

coiTk  .*moo  o  m  ^- rs-  n-  r»H  f^-m  mmmmmm^ 

CO  •  1  O  OO  'TO  C  JO  »-4rjrsj  vf  r-«  ‘Njm  O  O  Of  •>  O  JO 

<M  r-4  rv»0000  0000<')0000  JOt>OtJ'n00  0  0F>OO0O0 


« <  >o  lj  o  j  i>  (  j  ^  -4-  o 


mm 

fM 

cNj  msO 

o 

c^JCM 

>r 

O  rvjfsj 

c^J 

OUGU 

ouoo 

m  ^  *-4  **4  »  4  r"4*^rH  t-Hr^  m  »H  r-4 

<  -«f  <fr  CO  ->->■»'  y  yr .c)Cjcir;c>oc'  L.  cjr'cic.ciotioooooncioctona  c;  -cij- 


<VJ  *-4 
•»  >l  V'  V  ) 


>•  V  W  v*4A  > 


SU*^**APr  OF  0AM  SAFETY  ANALYSIS 


U.  Lit 

u.  UJ 

OOi  to 

oooooooo 

Oix  n 

oooooooo 

zsa. 

ui-j;? 

a.  ►-•rj 

ooc.  ooooo 

a  »-*c 

►-4  <i  I 

i-t  I 

l-U. 

»— Li- 

3 

o 

Lt 

U.  -J 

LL^ 

CTU.tO 

OU-t/-. 

Hft. 

►-ft 

uir^iD 

r* 

sroo 

y 

y  OC' 

<  o  •  • 

»-»  X 

#H 

«1  C'  •  • 

T 

o  ^oo  o 

X 

C~i  o-  mo 

►-X 

•  ^OD 

•  -4-a' 

-t 

LA.  >OiOh- 

a.. 

U.  ■A)  'Ct' 

a 

OM  r-l 

CirM  w-t 

00 

CO 

O- 

a. 

o 

yo. 

T’ 

zo 

oo 

»- 

no 

aaci  ir>tr\  oor  o 

•-  ar 

O o o  <vj rTk  ATLlfN  o 

►-  ft 

-<a  13 

V'' 

<  ftr3 

a  ujC. 

OOO  r~*\£\ 

»  ujD 

:d>x 

to 

r»x 

oc 

>- 

h- 

oo 

to 

ITS 

Ui 

uu 

ft  o  •  • 

7" 

a:  O  •  • 

U  OnCO 

O  O 

r  3* 

• 

a'  3? 

Z>ci 

>r  LTNsjr  r-4  0  'T'oc'm 

V  >r 

:r>n 

<  <M 

a* -Jto 

U? <\!  O  o  *0  •# 

*— 

<  ro 

ar  -jL/^ 

31  <r 

►-'U.u. 

lo a  o  O'^'O 

11 

3CD 

LL.  LI. 

K  >-*tJ 

ti- 

u 

X  h- O 

«j 

< 

•M 

— i 

< 

-I  3 

r  o 

to 

:^n 

a 

, 

a 

A. 

;.4 

■U 

c:') 

Xuj 

O 

a:  Ljj 

ooh- 

'-' 

u. 

OOK 

X  <U. 

>J  tfMTt  tf>OW3 

a  <iA. 

Lii 

.-1  a  1 

<00  >r^ 

IXJ 

cv  1 

>^r'o 

V 

“*) 

>•  r^i.i 

— i 

<►-< 

o 

-i 

< »—  < 

<o  •  • 

x:lo 

< 

<f  O  •  • 

a  t/n 

>0^0 

1 

>o  oo 

T' 

•  N- 

«jm>r 

r? 

.jrr  ^ 

L/) 

<  t\j 

X  a* 

rx:: 

y  a 

r>i« 

o  o  O  -a-  <S4  O'  rn 

r2X<t 

a  K-o 

o  o  o  o  .-<o  o- 

V—* 

y )—  cj 

z 

»-ia. 

7 

w-O. 

X  LiiAl 

o  o  o  ^  ^ 

1-4 

X  UJ  ft 

<  OUJ 

<  Oui 

r.  > 

a:  > 

o 

D 

7 

7 

a 

O 

ft> 

>-<  uj:» 

ft  > 

►-00 

xr^uj 

ooc.  .£>  4  M  C^  O  ro 

oo 

y  i-AUj 

<*«_J 

r3n-j 

<t  <-J 

rDo^j 

•>Qta 

T  >Ut 

>  □r'U 

r  >uj 

^  ft  • 

^'O'C^^or^o) 

Uj  C-^h— 

i-<ft  • 

-Jt-o 

XU>t/l 

INKMiM  rsjfM  fVi  <M  fsi 

X  UJw3 

UJi/^O 

<cn  • 

COO®  03  «D  Ob  00  00 

UJ  loO 

<  to  • 

x.iu:M 

ilUJjt 

a. 

Of 

n 

• 

• 

•  (_) 

N-«U.  LA. 

la  ♦c  r*  «)  (^  o  o  o 

•  •-•li.  Lk. 

h-uy 

fsj  rj  <M  <Nj  fsj  m  a » o 

•  t-oy 

<  ft. 

•  <  ft. 

ft 

•  >y' 

ii-5 


325.62  C.OO  6C6.  1C65.  0.00  15,33 


COLE  LAKE 

PMF  INFLOW  a  OUTFLOW 
HYDROGRAPHS 

Horner  &  Shif  rin  ,  Inc. _ Aug.  1979 


rfvr»  ^  ^  ^  ^  ^  sf- -r  ^  rr  mu^  oujtrjto  <x>v> 


K 


